INTRODUCTION
Cephalotini is a well-defined tribe of Neotropical, arboreal ants of exceptional appearance, containing about 110 species in 4 genera (Kempf, 1973) . Cephalotines can be distinguished from all other ants on the basis of the proventricular valves, which are sclerotized and shaped somewhat like the head of a mushroom (Emery, 1888; Kempf, 1951) . The unusually thick exoskeleton bears generous sculpturing that can include numerous striations, ridges, and flanges, as well as protective spines. The four genera have an unusually complete array of worker caste systems for such a small tribe. The genus Procr)'ptocerus, containing 28 species, is typically monomorphic. Eucryptocerus also has a monomorphic worker caste, but contains only 3 rare species. In Cephalotes, workers typically have a wide size range, and in Zacr)'ptocerus, worker castes range from polymorphic to dimorphic and include the most highly modified soldier forms (Kempf, 1951 (Kempf, , 1973 .
*Address for correspondence
Manuscript received by the editor Ma' 16, 1984 Psyche [Vol. 91 The behavior of Cephalotes atratus (Corn, 1980) and Zacr.vptocerus varians (Wilson, 1976; Cole, 1980) have been examined in detail. Both Wilson (1976) and Corn (1980) stressed the importance of studying the divergent genus Procr)'ptocerus in order to factor out behaviors that are related to ecological peculiarities from those tied to the evolution of polymorphism within the tribe. Among cephalotines, Procr)'ptocerus appears, at least superficially, most similar to typical myrmicine ants because the head and thorax lack elaborate spines and flanges. Further, since the worker caste is monomorphic, and therefore less complex than in other cephalotines, it has been assumed to be the most primitive genus of the tribe. The species P. scabriusculus is found from Mexico to Venezuela (Kempf, 1972) . It nests in dead wood, principally twigs, and forms polydomous, polygynous colonies. Here present the results of a behavioral study on workers and queens of P. scabriusculus as a contribution towards understanding the biology of this species and the relationship between behavior and polymorphism within the Cephalotini.
METHODS Nests of P. scabriusculus were collected in Escazu, near San Jose, Costa Rica. Three clusters of inhabited twigs were taken in late August, 1983 , from Spondias purpurea. The colony observed in this study was extracted from 3 closely spaced dead twigs and presumed to be a major part of a single colony. It contained 6 queens, 62 workers, 10 worker pupae, male pupa, 49 larvae, and 27 eggs. Both trophic and normal eggs were present. One additional colony was collected in a fig tree in November, 1982. The observation nest was a 100 15 mm plastic petri dish. A small test tube, containing water held back by a cotton plug, was placed in the center of the dish to provide moisture and a nest site. The petri dish fit easily on the stage of a dissecting microscope. Observations used for the ethogram were made over a period of 7 days. During this period, the colony was supplied with diluted honey and dead insects. The honey was quickly consumed by workers, but the insects were rarely touched. Occasionally, workers appeared to be drinking the body fluids of freshly killed insects. The colony was observed for a total of 20 hours, in 40 30-minute observation periods. During each 30 minute period, the nest was scanned every 2 minutes. Therefore, if an act lasted 30 minutes, it would be recorded 15 times.
Most of the periods of observation fell between 0900 and 2300, but ants were also watched at 0200, 0400, and 0600. The colony was exposed to light from dawn (0500) until room lights were turned off (2100-0200). Under these conditions, the colony was arrhythmic; no regular differences in activity levels or types of behaviors were noted. Pupal to adult molts took place at different times of day and night. Molting is strictly tied to the biological clock in many insects, and the fact the molting was irregular suggests that the colony was physiologically, as well as behaviorally, arrhythmic.
The behavioral repertoire was analyzed using a FORTRAN program written by R. Fagen for catalogue analysis using a log normal fitting procedure developed by Bulmer (1974) (Fagen and Goldman, 1977; Fagen, 1978) .
Colonies of Zacr)'ptocerus minutus and Z. christopherseni,were collected in central Panama. Various observations are reported here for comparison with the biology of P. scabriusculus.
RESULTS

CHARA CTERIZA TION OF THE FEMALE CASTES
Two characteristics of the genus Procr.vptocerus are that the worker caste is monomorphic and that queens are slightly larger but very similar to workers (Kempf, 1951) . The 2 female castes are compared graphically in Figure 1 , in which head width is plotted against thoracic width. The size range of workers is so narrow that this caste can be considered monomorphic. Head widths of P. scabriusculus workers ranged from 1.14-1.36 mm, a difference of only 0.22 mm. This is trivial in comparison to Z. minutus (0.96-1.7 mm) and Z. christopherseni (1.42-2.66 mm), 2 species with distinct soldiers. In C. atratus workers, head width across the occipital spines ranged from about 2-4.5 mm (Corn, 1980) . Queens are morphologically similar to workers, but can be distinguished from workers on the basis of a variety of quantitative as well as discrete differences. As shown in Fig. 1 
WORKERS
A total of 6823 behavioral acts were performed by workers and recorded over a period of 20 hours. These are presented by category in Table 1 . Workers performed 31 types of acts, and, using the methods of Fagen and Goldman (1977) , and Bulmer (1974) , a true repertoire size of 31 was estimated. The range of the 95% confidence interval was less than act. It must be emphasized that this level of accuracy applies only to the context in which the ants were observed. Undoubtedly, other behaviors would be expressed under other conditions, such as attack. Also, behaviors that are very rare or that are partially suppressed under laboratory conditions may not be recorded. Egg laying, for example, was not observed during this study. The following worker behaviors listed in Table are treated in greater detail below: abdominal trophallaxis, transfer of liquid food (=regurgitation, oral trophallaxis), self-grooming, fate of infrabuccal pellets, excavating, and antennal tipping. In addition, several behaviors not included in the ethogram are discussed: stridulation, defense, and miscellaneous leg movements.
Abdonlinal trophallaxis
Both Wilson (1976) and Cole (1980) found that Z. 'arians exhibited a behavior rarely found in ants, abdominal trophallaxis. This behavior has not been observed in the only other cephalotine previously studied, C. atratus (Corn, 1980) . Here report that P. scabriusculus also exhibits abdominal trophallaxis. The behavior was observed primarily in individuals that had just emerged. Within hours after a worker eclosed and was able to walk, it initiated abdominal trophallaxis, licking the abdominal tip of a nestmate. Single contacts lasted as long as 30 minutes, and the same individual engaged in additional, shorter contacts over a period of several hours. Brief periods of abdominal trophallaxis between older workers and between a worker and a queen was also observed. These contacts were much shorter than the contacts involving callows, generally less than 10 seconds and frequently only 1-2 seconds.
The function of this unusual ant behavior remains unknown. The fact that callows, newly molted individuals, seek out the substance is reminiscent of proctodeal feeding so well documented in lower termites (Cleveland, 1926) . Such behavior would be appropriate for transferring essential gut flora to newly ecdysed adults. Finally, it is a suspicious coincidence that cephalotines have two unusual characters apparently associated with the digestive tract: the mushroomshaped, sclerotized proventricular valves and abdominal trophallaxis. Perhaps these ants have undiscovered dietary peculiarities.
Outside the cephalotines, abdominal trophallaxis has been reported between the slavemaking ant, Harpagoxenus anleri'anus, and its host species, Leptothorax antbiguus and L. iongispinosus. Workers and queens of H. anericanus occasionally assume a stereotyped posture, with the abdomen raised, and exude a droplet of fluid which is consumed by workers of the host species (Stuart, 1981) . This unusual case of interspecific trophallaxis undoubtedly has an entirely different function than the type of abdominal trophallaxis described in cephalotines which occurs primarily between callow and fully pigmented workers. food with another adult ant. Since donating and begging are combined, the number must be halved to be compared to the "regurgitation with" category reported in other behavioral repertoires. This figure (8.0%) is higher than in C. atratus, where donating made up about less than 2% of worker acts (Corn, 1980) . It is much lower than the relative frequency of exchange found in Z. varians by both Wilson (1976) and Cole (1980) , 22.8% and 21.3% respectively, as the rate of regurgitation in minor workers. Z. varians soldiers have a more limited repertoire than minor workers and devote over 40% of their behavioral acts to exchange of liquid food (Wilson, 1976; Cole, 1980) . The relative frequency of exchanging liquid food in P. scabriusculus is moderately high in comparison to other myrmicine ants. Pogonomyrmex badius lacks the behavior entirely (Wilson and Fagen, 1974) . In Orectognathus versicolor, an advanced dacetine, relative frequency of oral trophallaxis is low, between and 2%, in all worker size classes (Carlin, 1981) . Leptothorax curvispinosis (5-10%) and L. duloticus (4-6%) (Wilson and Fagen, 1974; Wilson, 1975) , have relative frequencies similar to P. scabriusculus.
Sell'grooming
A notable feature of self-grooming in P. scabriusculus, compared to that of other cephalotines studied, is that abdominal selfgrooming movements are performed. In workers, about 4% of all self-grooming acts involved abdominal grooming with the foreor hind legs. The abdomen was tucked under somewhat to facilitate complete coverage. In addition, in about 1% of self-grooming acts, the abdomen was bent forward between the legs and the tip licked. Self-grooming of the abdomen has never been observed in either C. atratus or Z. varians (Wilson, 1976; Cole, 1980; Corn, 1980) . The Psyche [Vol. 91 fact that P. scabriusculus was able to perform this maneuver demonstrates that the loss of abdominal grooming in other cephalotines was not related to the inflexibility conferred by heavy armor. Of greater significance, the ability to autogroom the abdomen, especially the tip, casts doubt on a suggestion made by Wilson (1976) and echoed by Cole (1980) that the acquisition of abdominal trophallaxis by cephalotines was tied to loss of maneuverability.
Fate of infrabuccal pellets P. scabriusculus workers regurgitated infrabuccal pellets and the action frequently attracted the interest of a nestmate. However, ants never ate the pellets or offered them to larvae, as has been observed in Z. varians (Wilson, 1976; Cole, 1980) . As soon as a pellet was regurgitated, a worker would leave the brood area and drop the pellet onto the floor of the petri dish. Regurgitation of infrabuccal pellets was never observed in C. atratus (Corn, 1976) .
Excavation
Usually several workers were at the rear of the nest tube digging at the damp cotton with their legs and mandibles. Presumably this behavior would be homologous to excavating the blind end of a tunnel in a twig nest.
Antennal tipping
A stretching behavior dubbed antennal tipping by Wilson and Fagen (1974) was frequently observed. This behavior has been noted in many ant species, including Leptothorax curvispinosis, L. duloticus (Wilson, 1975) , Formica perpilosa (Brandao, 1978) , Colobopsis sp. (Cole, 1980) , C. atratus (Corn, 1980) and Z. varians (Wilson, 1976; Cole, 1980) . In P. scabriusculus, the first pair of legs were extended forward and the rear 2 pairs extended backwards. The body was elevated due to the leg extension and the abdomen drooped slightly. The position of the head was more variable. Sometimes it was raised and sometimes it was tucked under the body. The impression was one of rigidity, and the body sometimes trembled slightly or the antennae vibrated.
Stridulation
Both workers and queens stridulated when physically trapped or restrained. This behavior does not appear in the behavioral reper-toire (Table 1) since it was produced only when ants were held and not under the standard conditions for observation. When an ant was provoked into stridulating, nearby nestmates did not obviously alter their behavior. The stridulatory file is located on the neck of the gaster where it inserts into the post-petiole.
The presence and use of a stridulatory organ in Proc3'ptocerus is remarkable as it is found in no other genus of cephalotines. The absence of a stridulatory organ in the Myrmicinae is unusual; Markl (1973) , in a survey of stridulatory structures in ants, found that 83% of myrmicine genera had them. So, it is intriguing first, that most cephalotines have lost the file and second, that Procr.'ptocerus has retained the structure. Markl (1973) found the stridulatory organ in all 7 species of Proco'ptocerus he examined.
Four subfamilies of ants have stridulatory organs: the Nothomyrmeciinae, the Pseudomyrmicinae, the Ponerinae and the Myrmicinae (Sharp, 1893; Haskins and Enzmann, 1938; Markl, 1973; Taylor, 1978) . The stidulatory organ is always found on the same pair of segments: the file is located on abdominal segment IV and the scraper on segment Ill. In view of the apparent evolutionary stability of the stridulatory organ's position, its presence in Proco'ptocerus can be regarded as a reliable primitive character.
The ability to stridulate is common in ants, but the role of stridulation in communication has been demonstrated in only two cases. Markl (1965) showed that stridulation serves as a distress signal in A tta cephalotes. Buried workers stridulate and nestmates respond by digging in the vicinity of the sound. Markl and H611dobler (1978) have shown that in Novomessor, stridulatory signals function as a mechanism for modulating responses to other stimuli. For example, food retrieving behavior was enhanced when chemical recruitment stimuli were received concurrently with stridulatory signals. Novomessor stridulates spontaneously, without the provocation of physical restraint.
Neither of these proven roles of stridulation applies directly to P. scabriusculus. Digging is not an appropriate rescue response in an arboreal nest, and the fact that P. scabrius'ulus does not stridulate spontaneously, without restraint, argues against an analogy with Novomessor. A third possibility is that stridulatory vibrations deter predators. This phenomenon has been documented in insects other than ants (see Masters, 1979) .
Psyche [Vol. 91 Defense P. s'ahriusculus relies almost exclusively on its thick exoskeleton, with cephalic scrobes to shield the antennae, to discourage enemies and predators. In response to real or supposed threats (other ants, freshly killed flies, seeds, flowers, pollen, etc.), workers lowered their heads, contacted the object, and pushed. The workers also nipped as best they could with their small, blunt mandibles. P. s'ahrius'ulus was ineffective in coping with enemy ants in the open. One colony in a petri dish took 12 hours to clip the legs offa Pseudo7'rnTex sp. worker placed in the nest. Presumably bulldozing would be more effective inside a twig nest in preventing trespassers from entering and nippi.ng would be more effective where the enemy could be pinned against the walls of the narrow passageways.
Leg mo,enTents
Another behavior not included in the repertoire is miscellaneous leg movement. When ants were inactive, standing quietly in position, often I, 2, or, rarely, 3 of their legs might be moving. Most of the movement was made by the tibia and tarsus, which were swung as a unit, while the femur stayed in place. Often, the femur was flexed and also participated in the movement. About 60% of the time the movement involved one of the rear legs, 30% a middle leg, and 10% a front leg. The behavior was observed in queens as well as workers.
QUEENS
Nunber o.['queens P. scabriusculus has multiple queens. The colony observed in this study contained, at the time of collection, 6 dealate queens and 62 workers (8.8% queens). After the study was terminated, the colony was preserved in alcohol. Subsequent dissection showed that all 6 queens had fully developed ovaries. In addition, 3 queens (#1, #4, and #6) contained at least one egg large enough to fall in the size range of viable eggs. Two fragments of other colonies contained 4 queens with 40 workers (9.1%) and queen with 17 workers (5.5%). A large colony collected in November, 1982, contained 72 workers with 27 queens (27%). In this colony, many of the queens had unexpanded, crumpled wings indicating that they had been produced within the colony and were not primary, founding queens.
In ants, polygyny evolves under special ecological conditions, such as short-lived nest sites (H/lldobler and Wilson, 1977) . Therefore, it is not a reliable indicator of major phylogenetic trends within a group. Apparent polygyny (the presence of multiple dealate queens) is scattered throughout the advanced genus Zacryptocerus. In Z. texanus, Creighton and Gregg (1954) (see also Creighton, 1963; Creighton, 1967) found colonies and colony fragments containing 0-14.7% queens. In Z. christopherseni, found 13 dealate queens in a single colony containing over 4,000 workers and soldiers. In contrast, Z. rowheri (Creighton and Nutting, 1965), Z. pusillus (Limongi, 1977) , Z. varians (Wilson, 1976) , Z. minutus (personal observation), as well as Cephalotes atratus (Corn, 1980) and Eucr.vptocerus placidus (Corn, 1976) are apparently monogynous.
Behavior of queens
Queens performed a total of 298 acts in 9 categories over a period of 20 hours (Table 1) . When data were fitted to a lognormal Poisson distribution (Fagen and Goldman, 1977) , the true repertoire size of queens in a laboratory nest was estimated to be 11, with a 95% confidence interval of +3, types of acts.
The entire repertoire of queens, with the exception of selfgrooming, was devoted to eating. Queens solicited and received food not only from workers but also from larvae. Queens used antennal soliciting movements and licked larvae vigorously around the mouth to demand food. This behavior is similar to that described for queens of Leptothorax curvispinosus, which solicit labial gland secretions from larvae (Wilson, 1974) . Most of the queens'infrequent behaviors, shown in Table 1 , were probably associated with behavioral sequences leading up to demanding food from workers or larvae. For example, grooming of workers preceded solicitation movements with the antennae. Manipulation of larvae, moving them into a better position, was a prelude to solicitation behavior. P. scabriusculus queens, which performed acts in 9 behavioral categories, were more versatile than queens of Z. varians. In Z. varians, queens performed only 3 acts" self-grooming, regurgitating with minor workers, and laying eggs (Wilson, 1976; Cole, 1980) . Outside the Cephalotini, 5 repertoires of queens are available. Repertoire size ranges from 5 in Colobopsis sp. (Cole, 1980) and Psyche [Vol. 91 Leptothorax curvispinosus (Wilson and Fagen, 1974) to 8 in Orectognathus ,ersicolor (Carlin, 1981) , 9 in the slavemaking species, Leptothorax duloticus (Wilson and Fagen, 1974) , and 16 in the primitive ponerine, Ambl.vopone pallipes (Traniello, 1982) . In respect to other ant species, then, the repertoire size of P. scabriusculus queens appears to be average. In comparison to the queen of Z. varians, however, the queen of P. scabriusculus is much less behaviorally specialized.
Variation in behavior of individual queens
To determine if there were differences in the behavior of individual queens that might reflect reproductive dominance, queens were marked with colored paint and the acts of each recorded for 15.5 hours of the study. The most common acts in which queens participated were soliciting liquid food from workers, soliciting liquid food from larvae, self-grooming movements, and being groomed by a worker (Table 2) . For comparison, the average number of similar acts recorded for workers during the same 15.5 hour period is also shown in Table 2 .
The 6 queens showed considerable variation in their rates of soliciting liquid food. A chi-square test showed that pattern of queen behavior was significantly different from an even distribution for both soliciting food from workers (p<0.025) and soliciting food from larvae (p<0.005). The amount of food that queens were able to collect from workers and larvae could be directly associated with rank, the amount being an indication of resources convertible to ]'able 2. Behavior of individual queens. Values given are actual numbers of acts in a category that were performed by each individual in 15.5 hours of observation. The average queen values are means of acts performed by the six queens. The value for average worker is the number of acts in a category performed by workers in 5.5 hours of observation divided by the number of workers (n=62). Queens solicited from larva by antennating and licking larvae around the mouth. Workers licked larvae as part of brood care and did not concentrate in the head region. Values of p for differences among queens were determined using a chi-squared test. such queens can be regarded as worker-like in their behavior (Table   2) . Occasionally, queens solicited from other queens (n=9). One queen would initiate the contact, but both would perform soliciting movements with their antennae. No food appeared to be exchanged during these bouts. The number of queen-queen contacts was not directly correlated with rank as determined by rates of queenworker and queen-larvae exchanges. The sample size is so low, however, that it is premature to dismiss thepossibility that rank is determined or maintained by such interactions.
The relationship between grooming patterns and rank, if one exists, is not clear ( Table 2 ). There were significant differences among queens in the amount of self-grooming indulged in (p<0.005, chi-squared test), but the difference in attention received from workers was not significant. Queens groomed themselves less than the average worker and were groomed by workers more often than workers groomed each other. No queen could be classed as workerlike in grooming behavior.
Viable and trophic eggs Both normal, viable eggs and trophic eggs are found in P. scabriusculus colonies. Viable eggs in P. scabrius'ulus, those capable of embryogenesis, were large and cylindrical, measuring 1.32-1.66 mm long. The shape is typical of Cephalotini, as well as other arboreal ants (Wheeler and Wheeler, 1954) . Smaller, presumably trophic, eggs were highly variable in size (0.6-1.2 ram). Trophic eggs were less cylindrical than viable eggs and had a milky, homogeneous appearance. Generally, ants consume trophic eggs immediately after they are laid (Wilson, 1971) . Why P. scabriusculus should allow non-viable eggs to lie around is a puzzle.
The relative capabilites of egg laying in workers and in queens is not known, since no egg laying was observed. In other cephalotines, workers are known to lay trophic eggs as well as viable, unfertilized eggs that develop as males. In Z. ,arians, minor workers lay trophic eggs (Wilson, 1976) , and production of males by queenless colonies has been noted in C. atratus (Weber, 1957), Z. ,arians (Wilson, 1976) and Z. minutus (personal observation).
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DIS('IISSION
Can a comparison of behaviors within the Cephalotini contribute to an understanding of the phylogeny within the tribe or of the evolution of morphological worker castes? Including the behavioral data reported here, information is available for the three major genera of cephalotines: ProcJ:vptocerus, Cephalotes, and Zacr.vptocerus. It is now possible to compare and integrate behavioral with morphological data in considering phylogenetic relationships among cephalotines.
Only behavioral characters that do not occur in all members of a group can be useful in constructing alternative paths of evolution. Six such characters known for three species of cephalotines are listed in Table 3 . First, will use these characters to illustrate overall behavioral similarities between species. Then, the polarity (ancestral vs. derived state) of these characters will be surmised and used to construct behavioral cladograms (Fig. 2) . Finally, the evolutionary relationships suggested by the cladogram can be used to re-examine our assumptions about the evolution within the cephalotines and their diverse morphological worker castes. P. s'abrius'ulus has been characterized as morphologically divergent (Kempf, 1951) , quite discrepant (Kempf, 1973) , and primitive (Corn, 1976; Wilson, 1976) . In its behavior, however, it shares a remarkable number of traits with the advanced species, Z. varians (Table 3) . Table 3 indicates that P. scabriusculus and Z. varians share four of the six discrete behavioral characters listed, two of Table 3 . Comparison of behavioral characters among three cephalotine species, representing the thrcc major genera. The six behaviors that are listed may have phylogenetic significance. An asterisk (*) indicates which behavioral state is considered derived. Note that Procr.vptocerus .scahrius'tdlts and Zacr.l'ptocerus varians share four characters, 'hilc Z. 'arians and Ct7halotes atratus share two. P. scahrius-culus and C. atratu.s share none of the six behavioral states. Abbreviations given are used in Adult transport (car) yes (no* no*) Infrabuccal pellets no* (yes yes) l,av trophic eggs no* (yes yes) Stridulate (str) (no* no*) yes Abdominal self-groom (ag) (no* no*) yes which are primitive. Z. varians and C. atratus share only two characters, while P. scabriusculus and C. atratus share none. P. scabriusculus and C. atratus are both considered relatively primitive, but behaviorally they are primitive in different ways.
On the basis of morphological characters, Brown (1973) felt that all cephalotine genera besides Procr.vptocerus could be lumped. Kempf (1973) maintained the distinction betwen the genus Cepha-Iotes and Zacr.vptocerus. The behavioral data show that C. atratus is divergent from both P. scabriusculus and Z. varians and therefore support the generic distinctions proposed by Kempf (1973) .
The probable polarity (ancestral vs. derived state) of each of the characters in Table 3 can be assessed by outgroup comparisons with other ants. The closest relatives of the Cephalotini are, unfortu- Psyche [Vol. 91 nately, not known. Therefore, cephalotines are compared with other myrmicines, when that information is available, as well as with other subfamilies. Two important behaviors, abdominal trophallaxis and stridulation (see Table 3 ), were discussed in detail above. Adult transport, in which one adult carries another, occurs widely in ants, and is especially well developed and stereotyped in the Myrmicinae and the Formicinae (Wilson, 1971; MiSglich and H311dobler, 1974) . Therefore, the expression of this behavior is considered the primitive condition in the Myrmicinae and its loss the derived state. Behavioral Cladograms Cladograms provide a useful device for examining possible ways different sets of characters could have evolved. will assume that the three species, P. scabriusculus, C. atratus, and Z. varians, are monophyletic, sensu Hennig (1966) ; no species is an ancestor of either of the others. also assume that the three species involved are representative of their genera. Recognizing that this second assumption may be premature, stress that more species need to be studied, especially in the diverse genus Zacr.vptocerus.
The most useful characters in constructing cladograms are those that are synapomorphic, derived traits that are shared. There are three ways that three species could have evolved such that two now share an advanced trait. The simplest is that the two species share a common ancestor that possessed the character. The second and third ways require two steps. First, the two species could have evolved the trait independently. Secondly, all three species could have acquired the trait from a common ancestor, and one species subsequently lost it.
There are four synapomorphic characters in Table 3 . Abdominal trophallaxis and absence of adult transport are shared by Z. varians and P. scabriusculus while absence of stridulation and of abdominal self-grooming are shared by Z. varians and C. atratus. Of the three possible cladograms using these four traits (Figure 2 ), two appear equally plausible. In both cladogram A and B, two of the four synapomorphies require two steps to generate the appropriate distribution of characters. Two steps means independent derivation of the characters, or common derivation and secondary loss. The third cladogram, C, can be rejected as unlikely by parsimony since all four synapomorphies require two steps to produce the appropriate pattern.
When the relative importance of characters is considered, cladogram A gains plausibility over B. The ability to stridulate has rarely been lost in the Myrmicinae (Markl, 1973) . Therefore, a single loss (cladogram A) can be considered more likely than a double one (cladogram B). Similarly, abdominal grooming movements occur in almost all ants (Wilson, 1962; Farish, 1972) ; loss is probably a rare evolutionary event. The appropriate pattern of abdominal grooming is derived most parsimoniously in cladogram A. Adult transport (carrying) on the other hand is a character expressed to widely varying degrees among the ants. Nestmate carrying, used primarily during emigration to new nest sites, may be relatively easy to lose if it becomes unnecessary ecologically. The adult transport character then does not lend strong support to either cladogram. Finally, the appropriate pattern for abdominal trophallaxis is derived most parsimoniously in cladogram B. In cladogram A, Cephalotes loses this character secondarily. Since intraspecific abdominal trophallaxis rarely occurs in ants, and is poorly understood, the difficulty or ease of its subsequent loss cannot be evaluated. In summary, on the basis of a character by character evaluation, cladogram A is more plausible.
hlp/ications./or the E,olution o. [" Worker Poi.vnTorphisn Monomorphism is the ancestral state of the worker caste in most ants and probably represents the ancestral state of the Cephalotini as well. In myrmicines, a few cases of secondary monomorphism are known in species with workers that are minute in comparison to the queen (Wilson, 1953 (Wilson, , 1971 ). If worker monomorphism is accepted as the ancestral state in the Cephalotini, then cladogram A provides the most parsimonious derivation of the pattern of worker polymorphism. Cladogram B implies that the morphological worker caste systems characteristic of Zacr3'ptocerus and Cephalotes evolved independently. According to cladogram A, the tendency to express morphological diversity within the worker caste evolved once. Cephalotes maintained a weak bimodality in the size frequency distribution over a wide size range (Corn, 1980) (1980) for a primitive caste: they resemble the workers of the less modified, monomorphic members of the same tribe (e.g. Procr)yto'erus). Za'r.'ptocerus soldiers do not meet the second criterion, that the primitive caste perform the generalized services of a colony. Wilson (in press) has discovered that Pheidole soldiers can be induced to express behavior typical of a minor worker's repertoire: morphological specialization does not preclude behavioral flexibility. This discovery uncouples morphological and behavioral specialization and may relax the need for a primitive caste meeting the second criterion of generalized behavior.
Ecological Sililarit'
Ecological similarity between species can contribute significantly to similarities in behavioral traits. Cole has demonstrated that two species of ecologically similar but phylogenetically distant species of ants, Z. 'arians (Myrmicinae) and Colobopsis sp. (Formicinae) exhibit convergence of qualitative behavioral traits as well as of quantitative aspects of their repertoires. Both species inhabit hollow twigs of a variety of plants that represent dry habitats (Smith, 1923 " Kempf, 1958 Cole, 1982) . Z. 'arians and P. s'ahrius'u/us are also ecologically similar. Both nest in hollow, dry twigs, and the ants themselves are of similar size.
In Z. 'arians, minor workers measure 3.6-4.7 mm and soldiers 5.9-6.3 mm in total length (Kempf, 1958) . The size of P. scabriusculus workers falls between the two castes of Z. varians, with workers measuring 4.6-5.2 mm in total length. The colony size of both species is also small, not exceeding several hundred workers. In addition, Z. 'arians is known to be nocturnal, and P. scabriusculus is believed to be nocturnal of crepuscular (Shelling, 1968) .
C. atratus, in contrast, is a large ant (8-14 mm total length), nesting in spacious cavities in living wood. Colony size is extremely large compared to other cephalotines, with about 12,000 workers in a mature colony. They forage diurnally. Corn (1976) suggests that many of the differences between C. atratus and Z. varians might be based on the differences in nest site. Use of infrabuccal pellets as food and high rates of regurgitation are adaptations to dry conditions (Wilson, 1976; Cole, 1980) , and would not be necessary in C. atratus which nests in moist tree cavities (Corn, 1976) . The relatively wide nest chambers of C. atratus may have provided an environment in which the primitive behavior of carrying nestmates was possible, and ultimately, retained (Corn, 1976) . The lack of both infrabuccal pellets and abdominal trophallaxis may be indicative of an entirely different diet in C. atratus than either P. scabriusculus or Z. ,arians.
in summary, some of the behavioral similarities between P. scabriusculus and Z. varians, and the apparent divergence of C. atratus, may be based in ecology rather than phylogeny. Behavioral convergence of P. scabriusculus and Z. varians would lend further support to cladogram A. SUMMARY P. scabriusculus is a cephalotine with multiple queens and a monomorphic worker caste. Differences in the behavior among individual queens suggest that queens are not equal in reproductive status. Newly emerged P. scabriusculus workers indulge in prolonged periods of abdominal trophallaxis. Abdominal trophallaxis has been reported previously in Z. varians, an advanced cephalotine with a dimorphic worker caste. Cladograms based on behavioral characters support a phylogenetic scheme in which the divergence of Procr3'ptocerus occurred prior to the divergence of Cephalotes. Within the Cephalotini, the minor workers, rather than soldiers, appear to be the novel worker caste. ACK NOWLEDGEMENTS would like to thank all the Eberhards for encouraging me to work in Costa Rica and for making this study not only possible but pure pleasure. L. Freed helped me locate, and provided transportation to cephalotine habitats in Panama. thank N. F. Carlin, D. S. Gladstein, and R. M. Fagen for guiding the analysis of the repertoire and W. P. Maddison for enlightening discussions of cladistics. N. F. Carlin, B. H611dobler, W. P. Maddison, and E. O. Wilson provided constructive comments on earlier versions of the manuscript. Funds were provided by a Smithsonian Postdoctoral Fellowship and NSF Grant #PCM-8301763. 
